The role of calcium in mucin packaging within goblet cells.
Recent reports hypothesize that calcium plays an important role in providing cationic shielding to keep negatively charged mucins condensed and tightly packed within mucus granules of goblet cells. Vitamin D controls mineral ion homeostasis and intestinal calcium absorption, which is mediated by the nuclear vitamin D receptor (VDR). Hypocalcemia is observed in mice in which the VDR has been ablated. The purpose of this study was to test the hypothesis that normal levels of calcium are required for the physiological packaging of mucins, by comparing the morphology and mucin extractability of conjunctival goblet cells of VDR-ablated to wild-type control mice. Whole eyes from C57/129/sv hybrid wild-type, VDR-ablated, and VDR-ablated mice fed a diet high in calcium to normalize serum ionized calcium levels were fixed in situ and processed for light and transmission electron microscopy (TEM). Mucin extractability from sections of mouse eyes was assessed by lectin-blot, using helix pomatia agglutinin (HPA), and mucin content within goblet cells was assessed by immunohistochemistry, using an antibody specific to the goblet cell mucin Muc5AC. Altered mucin packaging in the goblet cells of VDR-ablated mice as compared to control mice was observed by both light and electron microscopy. In the VDR-ablated mice, the mucin packets varied in size and staining. In contrast, in the controls, the secretory granules appeared regular and uniform. By TEM, mucin packets in the VDR-ablated mice showed dispersed fibrillar and less electron-dense material compared to the homogeneous and more electron-dense packets in wild type. The appearance of mucin packets in the VDR-ablated mice with restored calcium levels was comparable to those of the wild-type control mice. HPA binding to mucin extracted from sections of VDR mouse eyes was reduced when compared to that from wild type. By immunohistochemistry, there was markedly less binding of the antibody to the mucin Muc5AC to goblet cells of VDR-ablated mice compared to controls.VDR-ablated mice presented altered conjunctival mucin packaging. There were lower levels of extractable and immunohistochemically localizable mucin in VDR-ablated mouse conjunctivas than in the wild-type controls. Restoration of ionized calcium levels in the VDR-ablated mice prevented altered mucin packaging, supporting the hypothesis that calcium is required for the physiological packaging of mucins in goblet cells.